e e

i
ARR No. E6CO05

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED

. March 1946 as
Advance Restricted Report E8CO06

THE KNOCK-LIMITED PERFORMANCE OF FUEL BLENDS
CONTAINING AROMATICS
V - n~PROPYLBENZENE, n-BUTYLBENZENE, ISOBUTYLBENZENE
m-XYLENE, AND 1-ISOPROPYL -4-METHYLBENZENE
By Carl L. Meyer and J. Robert Branstetter

Aircraft Engine Research Laboratory
Cleveland, Ohio

e ey
x ‘ﬁ. : .

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

E-237




3 1176 01354 1900

—_

NACA ARR No. E6CO5

FATTONAL ADVISCRY COMMITTEE F(R AFRCNAUTICS

ADVANCE RESTRICTED REPCRT
THE KNOCK-LIMITED PERFORMANCE (F FUEL BI.ENDB CONTAINING ARGMATICS
v - n-PROP‘!L'.BERZME, n-BUT!LBEN‘ZLENE, ISOBUTYLBENZERE

xnmm, "AND 1-ISOPRO£’YL-4 mnmm

By Carl L. Meyer a.nd. J. Robert Branstetter

SUMMARY

Knock-limited tests were made of n-propylbenzene, n-butylbenzene,
iscbutylbenzens, m-xylene, and l1- 1sopropy1-4-msthylbenzena blended
individually in various concentrations with selected base fusls. Data
were cbtained for the flve aracmatics to determine: (a) the blending
sensitivity, (b) the sensitivity of the blends to inlet-air temper-
atures, (o) -the lead susceptibility of the blends, and (d) the cor-
relation of small-scale and full-scale engline results. The data
‘presented herein were obtained with small-scale englnesj published
full-scale single-cylinder englne data are presented for comperison.

The five arcmatics 1in most instances rated in the followlng order
of decreasing antiknock effectiveness in leaded blends at a fuel-air
ratio of 0.10: m-xylens, l-lsopropyl-4-methylbenzene, n-propylbenzense,
isobutylbenzens, and n-butylbenzens. At lean mixtures these arcmatics,
with the exception of n-'butylbenzene s which had the loweat response at
most conditions, were compareble as antiknock blending agents.

INTRCDUCTION

+ An Investigation to determine the effectiveness of aromatic
hydnocarbons as antilmock blending agents for aviation fuels is
belng conducted at the NACA Cleveland laboratory. The program and
its over-all obJectives are described in detail in reference 1. In
“brief, the program consists in determining: (a) the blending sen-
sitivity of the aromatic in the base reference fuels, (b) the sen~
sitivity of the aromatic blends to inlet-alr temperaturs, (c) the
lead susceptibility of the arcmatic blends, and (d) the correlntion
of small-scale and full-scale engine result.s.
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Enock-1limlted performanee- data. obta.ined. wvith F-4, F-3, and
17.6 small-scales engines for the 12 purif'ied. eromatic hydrocarbons
tested in the first phase of the: program.are presented in refer-
ences -1 to 4i* A summarization.of these date, together with com-
parative full-scale single-cylinder englne dsta from reference 5,
1s presented 1in réfsrence 4. . C

T

Data for n-propylbenzens, n-'butylbenzene ’ 1sobutylbenzene » m-Xylene,
and l-isopropyl-4-methylbenzene (p-cymens) are presented in this report,
which is the last of a serles of.flve reports. Each aromatic, after
purification, was Individually blended with selected base fuels and the
resulting blends were tested in ¥-4, F-3, and 17.6 engines. R-1820
G200 single-cylinder engine date from reference 6 are included to facil-
ltate camparison of small-scale and full-scale engine results.

- APPARATUS, FUELS, AND TEST PROCEDURE

_' A description of -the engines and thée engline- coniitions used for
the tests may be found in rsference 1 for the 17.6 engine, for the
F-3 engindy and the "research" F-4 englne. The 17.6 englne conditions
are also glven herelngfier in the figures and tables. The F-4 engine
"Is not & package unit but 1s operated under F-4.test-conditions and is,
for convenience s ca.lled. the F-4 engine in this series.of reports.

The f'iire a.roma.'biq hydrocar'bons wore synthesized, or purchased,

" . and purified in the. Orgenic Synthesis Sectlon of the Fuels and

ILubricants Division. The physical constants of. the aromatics tested
are presented in.the follewlng table:

. Freezing!Boiling|Index of lDensity

Aromatic point ipoint Irefraction at 20° ¢
(°c) - (°c) 20 l (gram/m1)
; i —— B —

-Propyibenzena . . 1 -99.61 - 159.3 |  1.4919 | ""0.8618
n-Butylbenzeme . { -88.19 ; 183.2 | 1.4898 i .8601
_Isobutyl'benzene b -51.87 172.2 1.4860. «8525
m-Xylene : i -48.31_: 139.1. 1.4971 _.8641
I- Isopropyl-é-methyl‘benzene * -68 39 N 177.2 -1.4906 ‘ ' .8566

Fach aramatic, after purification, was individually blended by
volume with three base fuels: 8S-4 reférence fuol, S-4 plus 4 ml TEL
per gellon, and 87.5 percent 5-4 plus 12.5 percent n-heptane plus
4 ml TEL per gellon. In order to obtain a base fuel which could be
reproduced as needed and which would contain no arcmatics, the base
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fuel consisting of 87.5 percent 8-4 .plus 12 3] penoent n-heptane plus

- ==+ ...4 ml TEL per gallon was chosen to replace the bese fuel (85 percent
8-3 :plus 15 percent M-4 plus 4 ml 'I'EL/ga.l) used  In- references 1 to S.
It 1s stated in reference 1 that the use of M-4 as a component of

the base fuel does not meet the requirement of reproducibllity of

the fuel. M-4 reference fuel contains approximately 8 percent aro-
matics. Tests on an F-4 engine show the base fuel used in the present
tosts and the .tests of references 6 .and 7 to be approximately
equ:lva.lent in k:nock-limited. power ‘o 'bhe original base fuel.

The oomposit:lon of the teat-fuel blends and an outline of the
tosts with the 17.6 and F-4 engines are given in the following table:

B e et S et + s e —

Tnlet-air Percen'ba.ge o Te'l:ra-
Engine tempera.mri arcmatic in Bage fuel othyl
- ' (°r) blend lead
. (by volums) : (ml/gal)
17.6, 250 ‘' 0,10,20 8-4 i 0
| 100 - o zo ) 8-4 I 0
| 250 i o, 10,20 8-4 i 4
: 100 i o 20 3-4 : 4 .
| 250 ! o,zs 87.5% S-4 + 12.! % n-heptane; 4
i 100 ! 0,25 | 87.5% S-4 + 12.5% n-heptans| 4
F-& | 225 .0,10,25,50 ' 37.5% S-4 + 12. 5%75 heptanu 4

— r— —— —— e e ——

Whenever fusl quantity permitted, the blends were also tested in the
F-3 engine. .

When F-4 ratings of the various blends are determined on sepa-
rate dayes, as was done in references 1 to 4, the knock-limited imsp
ratios (ratio of the imep of the test fuel blend to the imep of the
base fuel) vary possibly because of daily variations in the power
level of the engine. Possible day-to-day errors must be minimized
if the antiknock blending performance of the aramatics is to be
accurately determined. . The procedure-previously followed for the
F-4 englne tests has therefore been altered to permit testing leaded
blends of 0, 10, 25, and 50 percent arcmatic with the base fuel con-
slsting of S-4 plus n-heptane during a single .operating day. An
additional test of 8-4 plus 4 ml TEL per gallon was made during the
same day. The revised procedure allows a direct comparison of blends
containing various concentrations of a glven arcmatic on the basmis
of data obtained on the same day. It also permits a match rating
in terms of S-4 plus 4 ml TEL per gallon and n-heptans plus 4 ml THEL
per gallon by the sue of the reciprocal indicated-mean-effective-
pressure relation developed in reference 8. The corresponding rich
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and lean performance numbers were obtalned from.figure 1. This flg-
ure 1s based on the F-4 standard .gulde curves a.nd. on knock tedts
onducted at this- la.boratory

-

PRISEHTATION ARD DISCUSSION OF RESULTS

Table I is an index of figures showlng in detall the .order of
discussing the results. cbtained for the five arcmatics when indi-’
vidually blended with the three base fuels. The table presents the
blend compositions, the engines, the inlet-air temperature, a.nd the
figure numbers. .

F-4 englne data. - The knock-limited performance in- the ¥-4
engine of leaded blends corntalning O, 10, 25, and 50 percent aro-
matic with the base fuel consisting of S-4 plus n-heptane are pre-
sented in figures 2, 3, 4, 5, and 6 for n-propylbenzene » n-butylbenzene,
isobutylbenzene, m-xylene, and 1- -isopropyl-4-methylbenzers, respec-
tively. ITn each of the aforementicned figures, the results from tests
of S-4 plus 4 ml TEL per gallon are also included. Each figure pre-
sents date obtained during a single operating day.

Graphs of knock-limited imep ratio (where imep ratlo is the
ratlo of the imep of the aramatic blend to the imep of the base.fuel)
against aromatlc concentration are presented- in figure 7. These data
show the comparative effect of the additlon of each of the five aro-~
matics at fuel-alr ratios of 0.07, 0.085, 0.10, and O.11.

At lean fuel-alr mixtures, the aromatics were not effective
antiknock agents under F-4 test,condlitions; the differences between
the antiknock qualities of the five aromatics were 1nsufficient to
determine which hed the better characteristics as an antiknock.
agent. At rich fuel-alr mixtures, additions of each of the five
arametics permltted substantial galns In knock-limited power rela-
tlve to the base.fuel. In nearly all cases at rich mixtures,
m-xylene and 1-isopropyl-4-methylbenzene were rated as the most
effective antiknock agents and n-butylbenzens as the least effective
antlknock agent of the five eramatics.

17.6 quine data.. ‘- The knock-limited performance in the
17.6 engine of blends containing the five aromatics 1s presented in
figures 8 to 10 for n-propylbenzene, 1l to 13 for n-butylbenzene,
14 to 16 for isobutylbenzens, 17 to 19 for m-xylene , and 20 to 22
for l-isopropyl-4-methylbenzene. For each arometic, unleaded and
leaded blends with S-4 and leaded blends with a base fuel conmsisting
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“of 8-4 plus n-hepta.na are - presented for inlet-air temperatures of
250° and 1000 F...The.data given in.each figure for a glven' inlet-
air temperature were obtained during a single operating.day.. - .

' In unleaded blends with S-4 (figs. 8, 11, 14, 17, and 20) addi-
-tions ‘of the -five aramatics decreased the kmack-limited powenr of S-4
at fuel-alr ratios in the'neighborhood of 0.065 and :0.07- gt the higher
inlet-alr temperature.’ Additions. of n-propylbenzene y m-Xylene, and
l-~isopropyl-4-methylbenzene permi‘tted. gains at fyel-air ratios .greater
than’©0.085; additions of n-butylbenzene and isobutylbenzene permitted
.galns only at fuel-air ratios greater than approximately 0.10.
the lower inlet-air temperature, additions of each of the five aro-
matice increased the knock-limited power of S-4 at all fuel-alr ratios
tested. This:influence of temperature agrees, in general; with that
observed for the arcmatic fuels reported in references 1 to 4. The
greatost galng at the -lower inlet-alr: temperature were obtained from
n-propylbenzene, m-xylene, and 1-isopropyl-4-methylbenzene , -apd the
- smllest ga.in was obtained from n-butylbenzene: . )

. In leaded blends with S-4° (figs. 9, 12, 15, 18, a:nd. 21) the data
show that even at the lean mixtures and at the higher. inlet-air tem-
perature the aromatics increased the knock-limited indicated mean

- effective pressure of the base fuel (in the case of n-butylbenzene ’
the gain was almost negligible), indicating that these. arcmatic blends
are more responsive to the lead addition then is S-4. A similar
response of the aromatic blends to the addition of tetraethyl-lead
vas also noted at the lower inlet-alr temperaturs.

In leaded blends with the base fuel consisting of S-4-plus
n-heptans (figs. 10, 13, 16, 19, and 22), each of- the five arcmatics
increased the knock-1limited Power of the base fuel a.t a.ll fu.el-a.ir
ratios ahd at both inlet-air temperatures. )

In leaded blends, m-:qlena a.nd 1 1sopropyl-4-methylbenzens were

' - the most effective of ths five aramatics in’ increasing the knoock-

1imited Power of thé base fuels at .rich fuel-air mixtures. At lean

mixtures all of tbe arcmatics with the exception of: n-butylbenzens

Were -caiparable as antiknock blending agents, ' At both inlei-air

. temperatures  over the range ‘of fuel-alr. rat'loa testatl ’ n-butyl'benzene
‘wasg 'bhe least effectivd a.ntihock agentr :

In figures 23 to 27 the’ 1716 engim data’ are presented in the
"form of- graphs of the varistion of knock-limited imep ratio with aro-
matic concentratlon for urleaded and leaded blends of the arcmatics
with S8-4 reference fuel. These data indicatse ‘the comparative effect
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of additions of each of the five aramatics at fuel-alr ratios of .
0.07, 0,085, 0.10, and 0.1, &5 Well as the eﬁ'ect of :Lnle‘l:-a.ir "bem-
pera.ture and. tetraethyl lead. .

Summmary of engine data. - Table .II presents the F-4 ratings of

leaded blends of the -five arcmatics with the base fuel comsisting of

§-4 plus n-heptane. This table also Includes the F-3 ratings of the
blends for which sufficient fuel was avallable. These ratings are
recorded in terms. ef percentage S- -4 plus 4 ml TEL per gallen in-
n-heptane plus 4 ml TEL per gallon, 1ln terms of S-4 plus ml TEL per
gallon, or octane number, gnd also in terms of Army-Navy performance
numbers.

Knock-limited performance data, together with imep-ratio data,
for each of the five aromatics individually blended with the three
base- fuels are presented in table III. Data are included from tests
with the 17.6 engine, the full-scale cylinder (reference 6), and the

F-4 engine. Full- sca.le-c;y'linder datq were not’ available for m-xylene,
It should be noted that, of the two sets of engine conditions “used
for the full-scale-cylirder tests, only one (spark advance, 209 E.T.C.;
gxhaust pressure, 29 in. Hg absolute; inlet-alr temperature, 210° F)
corresponds to the conditions used for tests wlth that cylinder in
reference 5 (frcm which date are included in references 1 to 4). The
simulated take-off conditions recémmended by the Coordinating Research
Counclil have been replaced by modified. crulse cordltions involving a °
more advanced spark,. a lower exhaust pressure, and a higher lnlet-alr
temperatures than the recommended CRC cruise conditions. This chenge
was made to give more smphasis to the temperature sensitlvity of the
aromatic blends than did the original simulated take-off conditions
(reforence 5). The present test cdonditions of the full-scale cylinder
.are outlined in detall In reference 6; the pertinent conditions are
glven in table III of the present report. The test conditlons of the
small-scale engines were unchanged.

The data in table III show that, with few exceptions, the full-
scale cylinder end the small-scale englnes rated the aromatics (leaded
blends for which complete datd are availlable) in the same ordsr at
fuel-alr ratios of 0.10 and 0.11. Although full-acale-cyllnder
date are not available for 'the m-xylere blend, 1t appears valid to
list the five arcmatics in the following order of decreasing anti-
knock effectivensss at fuel-alr ratios of 0.10 and O.11l: m-xylens,
1l-1sopropyl-4-methylbenzene, n-propylbenzens, isobutylbenzene, end

n-butylbenzene. In the 20- and 25-percent lsaded blends at a fuel-
alr ratio of 0.10, m-xylene and l-isopropyl-4-methylbenzene appear
comparable with the five aromatics (1,3,5-trimethylbenzene, m-diethyl-
benzene, tert-butylbenzene, p-xylene, and l-ethyl- 4-methylbenzens)
vwhich were Tound in reference 4 to rate as the best a.ntilmock e.gents
of the 12 aromatics summarized therein.
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Table IV presents a summary of the temperaturs sensitivitles of
blends contailning each:of the five aromatics. With few exceptions,
the arcmetic blends were more sensitive to changes of inlet-air tem-
perature than the -base fuela.

The lead susceptibilities of blends containing the five arcmatics
are summerized in table V. The aromatic blends’ were more susceptible
to the addition of tetraethyl lead than was S-4 reference fusel.

The correlation of small-scale and full-scale englne results. -
In reference. 6, the F-4 englne periormence is compared with the full-
scale-cylinder performance on an imep-ratio basis et fuel-alr ratios
of 0.07 and 0.10 for blends containing 25 percent aromatic (for the
aromatics reported herein) with the base fuel consisting of S-4 plus
n-heptane. The correlation was better at the richer fuel-alr mixtures
et the two engine conditions used in the full- scale~cylinder tests.
In each cese, the full-scale cylinder rafed the blends higher than
d1ld the F-4 engins.

Also in reference 6, the F-3 engine performance 1s compared with
the full-scale-cylinder performance (at a fuel-air ratio of O. 07) on
the basis of perforience number for the 25-percent aromatic blends
reported herein. The F-3. engine appeared to be relatively insensitive
for comparing the merits of fuel blerds contalning aromatics,

In figure 28 of the present report the 17.6 engine performance
is compared with the full-acale-cylinder performance and in figure 29
the I'-4 engine performence is campared with the 17.6 englne perform-
ance. Those two comparisons are made on an imep-ratio basis, at
fusl-alr ratios of 0.07 and 0.10, for blends containing 25 percent
arametic with the base fuel consisting of S-4 plus n-heptane. In the
two flgures, the dashed .lines lndicate the match lines and the solid
lines indicate the lines of correlation that were drawn on oorresponilng
engine correlation plots in reference 4 for the 12 aromatics summarized
therein. No correlation lines are shown for the more severe test
conditions of the full-scale cylinder because these condiltions
differ from the conditions formerly used for tests conducted with
that cylinder.

At the more severe test corditions of the 17.§ englne and
the full-scale cylinder (fig. 28) the correlation is better at the
richer mixture. At the milder test conditions of the two engines,
the correlatlion appears to be good at both fuel-alir ratlos but,
at a fuel-air ratio of 0.10, the correlatlion line more nearly
approaches the matech line. In figure 29, the 17.6 englne perform-
ance compares more closgely with the F-4 engine performance at the
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. richer fuel-air mixture and at the more severe test conditlons of
the 17.6 engine. In figures 28 and 29, the solld correlation lines
from referencs 4 agree reasocnably well with the data presented for
the five aramatics; this statement 1s also true for the comparison
of the F-4 engline performance with the full-scale-cylindsr perform-
ance presented In reference 6, agaln indicating the possibility of
predicting the performance of aromatic fuel blends in a full-scale
cylinder from performance data obtained in small-scale englnes.

SUMMARY OF RESULTS

Knock-limited tests of five arcmatics, each 1ndividually blended
wlth selected base fuels and teated with and without tetraethyl lead,
wero conducted with 17.6, F-4, and F-3 small-scale engines. From
these tests and from comparative published tests with a full-scale
cylinder, the followling results were obtalned:

1. The five arcmatics, in most instances, reted in the followirng
order of decreasing antiknook affectivensss in leaded blends at a
fuel-alir ratlo of 0.10: m-xylene, l-isopropyl-4-methyibenzene,
n-prorylbenzene, lscbutylbenzens, ard n-butylbenzene. At lean mix-
tures the aromatics, with the exception of n-butylbenzene which had
the lowest response at most condltions, were comparable as antiknock
blending agents.

2. The performance data indlcate that the arcmatlc blends were
gonerelly moro sensltive to changes of inlet-alr temperature than
the base fuels and were more susceptible to the addition of tetraethyl
load than was S-4 reference fuel.

3. The present results further substarntiate the valldity of
the correlations previously reported between full-scale and small-
scale englne data for a specific aromatic concentration in the base
fuel.

Alreraft Englne Research ILaboratory,
Bational Advisory Commltitee for Aeronautics,
Cleveland, Chio.



- NACA ARR No. E6C05 9

REFERENCES

- 1. Meyer, Carl L., and Branstetter, J. Robert: The Knock-Limited

Performance of Fuel Blends Contalning Aromatics. I -~ Toluense,
Ethylbenzene, and p-Xylens. NACA ARR Ro. E4J05, 1944.

' £. Branstetter, J. Robert, and Meyer, Carl L.: The Enock-Limited

Poerformance of Fuel Blends Containing Aromatics, II -
Isopropylbenzens, Benzene, and o-Xylene. NACA ARR No. ESAzO,
1945.

3.:.Moyer, Carl L., and Branstettor, J. Robert: The Knock-Iimited
Performance of Fuel Blends Contalning Aromatice. IIT -
1,3,5-Trimothylbenzene, tert-Butylbengene, and 1,2,4-Trimethyl -
benzene. NACA ARR No. ESD16, 1945.

4. Meyor, Carl.l., and Branstetter, J. Robert: The Enock-Limited
Porformance of Fuel Blends Contalning Aromatics. IV - Data
for m-Diethylbenzene, l-Ethyl-4-meothylbenzene, and sec-Butyl-
benzene Together wlth a Summarization of Data for 12 Aramatic
Hydrocarbons. NACA ARR No. ESDl6a, 1945.

S. Bull, Arthur W., and Jones, Anthony W.: EKnock-Limited Perform-
ance of Pure Hydrocarbons Blended with a Base Fuel in a Full-
Scale Aircraft-Engine Cylinder. II - Twelve Aramatics. NACA
ERR No. EATI09, 1944.

6. Jones, Anthony W., Bull, Arthur W., and Jonash, Edmund R.: Xnock-
Limi ted Performance of Pure Hydrocarbons Blended with a Base
Fuel in a Full-3cale Alrcraft-Engine Cylinder. III - Four
Aromatics, 81x Ethers. NACA ARR No. E6B14, 19486. :



—_— S - T [RY 1

10 , NACA ARR No. E6CO5

7. Jonash, Edimnd R., Msyer, Carl L., and Branstetter, J. Robert:

;. Knock-Limited Performence Tests of 2,2,3,4-Tetramethylpentans,
2,3,3,4~-Totramethylpentane, 3,4,4-Trimethyl-2-pentens, and
2,3,4-Trimothyl-2-pentene in Snn.ll-Scale and Full-Scale Cylin-
d.ers. NACA ARR No. E6CO4, 1945.

8. SBanders, Newell D.: .A Mothod of Estimating the Enock Rating of
Hydrocarbon Fuel Blends. NACA ARR No. 3H21, 1943.

1



NACA ARR No.

E6COD

TABLE I.- INDEX OF FIGURES

- Tnlet-
Percentage Tetra- air
Figure Aromatic aromatic Base fuel ethyl temper-
in blend lead atgre
(by vo (ml/gal}t (°F)
P-l engine (knook-limited imep against fuel-air ratlo)
2 L-Propylbenzene 0,10,25,50 | 87.5% 8-4 + 12.54 p-heptane] L 225
3 n-Butylbenzene 0,10,25,50 | 67.5% s-<4 + 12.5% n-heptane L 225
L Isobutylbenzene 0,10,25,50 | 87.5% 5-L + 12.5% n-heptane L 225
5 m-Xylene 0,10,25,50 | 87.5¢ 5-4 + 12.5% n-heptane L 225
6 1-Isopropyl=L=-methylbenzene |0,10,25,50 7.5% S=l + 12.5? n-heptane 1N 225
P-4 engine (knock-limited imep ratioc against aromatic concentration)

7(a) | p-Propylbenzene 0,10,25,50 87 5% 8-l + 12.5% n-heptane L 225
(v) { n-Butylbenzene 0,10,25,50 % sl + 12.5% n=heptane L 225
(e¢) | Tsobutylbenzene 0,10,25,50 87.5,« S-l; + 12.5% n-heptane I 225
(a) | m-Xylene 0,10,25,50 | 87.5% s~ + 12.5% Ti-heptane L 225
(e} | T-Isopropyl-li-methylbenzene |0,10,25,50 | 87.5¢ s-4 + 12.5% n-heptane L 225

17.6 engine (lmock-limited imep against fuel-alr ratio)

8(a) | n-Propylbenzene 0,10,20 Sl 0 250
b) 0,20 100

9(a n-Propylbenzene 0,10,20 S=0 L 250
b 6,20 160

10{a) | n-Propylbenzene 0,25 87.5% 8=l; + 12.5% n-heptane N 250
(b) 0,25 100
11(a n-Butylbenzene 0,10,20 S-l 0 250
(b 0,20 100

12(a) | n-Butylbenzene 0,10,20 s-1 L 250
(v) 0,20 100

lﬁia; n-Butylbenzene 0,25 87.5% s-4 + 12.5% n-heptane L 230
b 0,25 100

m(a) Isobutylbenzene 0,10,20 S-l 0 250

0,20 100

15(a) Isobutylbenzene 0,10,20 Sl L 250
(b) 0,20 100

16(a) Isobutylbenzene 0,25 87.54 s-L + 12.5% n-heptane L 250
(b) 0.25 100

17(a) | m-Xylene 10,20 s=l o] 250
(b) 6,26 160

18(a) | m-Xylene 0,10,20 s-L L 250
(b) 0,20 100

19(a) | m=Xylene 0,25 87.54 S-l + 12.5% n-heptane L 230
(b) 0.25 100

20(a) | 1-Isopropyl-L-methylbentzene 0,10,20 s-I, 0 250
(b) 6,20 100
21(a) | 1-Isopropyl-L-methylbenzene 0,10,20 3=l L 250
b 20 100
22(a 1-Isopropyl-li-methylbenzene 0,25 87.5% s-I + 12.5% n-heptane 4 280
b 0,25 160
17.6 engine (knock-limited imep ratlo against aromatic concentration)
23 n-Propylbenzene 0,10,20 8-I; o,k 250,100
Fy n-Butylbenzene 0,10,20 Sl o,L 250,100
25 Isobutylbenzene 0,10,20 Sl 0L 250,100
26 m-Xylene 0,10,20 S-4 oL 250,100
27 1-Isopropyl-li-methylbenzene 0,10,20 Sl 0,L 250,100
Engine correlation plots
28 Comparison of the 17.6 englne performance with the full-scale-cylinder performance.
29 Comparison of the F-li engine performance with the 17.6 engine performmce.
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Figure 3. - The knock-limited performance of leaded blends cf n-butyibenzene and a base fuel con-
sisting of 87.5 percent S5-4 plus 12.5 percent p-heptane in an f-4 engine.
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